























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   -1
 (s
)| 
lo
g
(fre
q
u
e
n
c
y
) 
IC
W
T
 filte
r: 
•
H
o
w
e
ve
r,
fo
r
c
o
rre
c
t
o
p
e
ra
tio
n
it
is
o
n
ly
n
e
c
e
s
s
a
ry
fo
r
th
e
im
ple
m
e
nted
H
−
1(s)
to
m
a
tc
h
th
e
id
e
al
H
−
1(s)
tra
n
s
fe
r
fu
n
c
tio
n
o
ve
r
th
e
fre
q
u
e
n
c
y
a
n
d
d
y
n
a
m
ic
ra
n
g
e
o
f
th
e
e
n
d
s
y
s
te
m
.
•
E
x
tra
p
o
le
s
c
a
n
th
u
s
b
e
in
tro
d
u
c
e
d
b
e
y
o
n
d
th
is
ra
n
g
e
to
m
a
k
e
H
−
1(s)
s
ta
b
le
.
•
A
t
lo
w
fre
q
u
e
n
c
ie
s
,
th
e
p
o
le
s
o
n
th
e
re
a
l
a
x
is
a
re
re
p
la
c
e
d
w
ith
o
n
e
s
a
t
p
o
s
itio
n
l,
c
lo
s
e
to
th
e
a
x
is
,
b
u
t
b
e
y
o
n
d
th
e
ra
n
g
e
o
f
th
e
s
y
s
te
m
.
•
A
t
h
ig
h
fre
q
u
e
n
c
ie
s
x
e
x
tra
p
o
le
s
a
re
in
tro
d
u
c
e
d
a
t
p
o
s
itio
n
h
s
u
c
h
th
a
t
th
e
to
ta
l
n
u
m
b
e
r
o
f
p
o
le
s
a
n
d
z
e
ro
s
a
re
e
q
u
a
l,
fl
a
tte
n
in
g
th
e
fre
q
u
e
n
c
y
re
s
p
o
n
s
e
:
H
(s)
=
k
s
2
D
(s) →
k
(s
+
l) 2(s/h
+
1) x
D
(s)
(5)
•
T
h
is
is
th
e
n
e
a
s
ily
in
ve
rte
d
to
g
ive
a
s
ta
b
le
in
ve
rs
e
fi
lte
r:
H
−
1(s)
=
D
(s)
k
(s
+
l) 2(s/h
+
1) x
.
(6)
•
F
o
r
s
im
p
lic
ity
o
n
ly
tw
o
p
o
s
itio
n
s
a
re
u
s
e
d
fo
r
th
e
x
+
2
p
o
le
s
in
tro
d
u
c
e
d
,
b
u
t
if
w
a
n
te
d
th
e
fre
q
u
e
n
c
y
re
s
p
o
n
s
e
c
o
u
ld
b
e
fu
rth
e
r
c
u
s
to
m
is
e
d
b
y
p
la
c
in
g
th
e
p
o
le
s
in
m
u
ltip
le
p
o
s
itio
n
s
.
•
F
o
llo
w
in
g
th
e
a
b
o
ve
p
ro
c
e
d
u
re
a
g
e
n
e
ra
lis
e
d
tra
n
s
fe
r
fu
n
c
tio
n
c
a
n
b
e
fo
u
n
d
w
h
ic
h
c
a
n
b
e
im
p
le
m
e
n
te
d
in
a
n
a
lo
g
u
e
o
r
d
ig
ita
l
h
a
rd
w
a
re
,
o
r
s
o
ftw
a
re
,
a
s
d
e
s
ire
d
.
4
D
E
S
IG
N
E
X
A
M
P
L
E
•
T
o
illu
s
tra
te
th
e
p
ro
c
e
d
u
re
w
e
c
re
a
te
a
n
IC
W
T
fi
lte
r
fo
r
th
e
C
W
T
fu
n
c
tio
n
fro
m
[1
]
a
n
d
u
s
e
th
e
fi
lte
r
p
a
ir
fo
r
th
e
d
e
c
o
m
p
o
s
itio
n
a
n
d
re
c
o
n
s
tru
c
tio
n
o
f
E
E
G
s
ig
n
a
ls
.
•
B
a
s
e
d
u
p
o
n
a
n
E
E
G
fre
q
u
e
n
c
y
ra
n
g
e
o
f
a
p
p
ro
x
im
a
te
ly
0
.1
–
5
0
H
z
a
n
d
a
d
y
n
a
m
ic
ra
n
g
e
o
f
7
2
d
B
d
is
to
rtio
n
in
H
−
1(s)
m
u
s
t
b
e
lim
ite
d
w
ith
in
th
is
ra
n
g
e
.
•
H
(s)
h
a
s
a
a
c
e
n
tre
fre
q
u
e
n
c
y
m
a
g
n
itu
d
e
o
f
-1
0
.9
d
B
a
n
d
th
e
a
tte
n
u
a
tio
n
re
a
c
h
e
s
7
2
d
B
b
e
lo
w
th
is
a
t
9
1
m
H
z
a
n
d
4
6
.4
H
z
.
•
U
s
in
g
l
=
9.5
m
H
z
,h
=
880
H
z
(w
e
llb
e
y
o
n
d
th
e
s
e
fre
q
u
e
n
c
ie
s
)
a
n
d
x
=
5
th
e
fo
rw
a
rd
tra
n
s
fo
rm
is
b
a
n
d
lim
ite
d
:
Magnitude (dB)
F
re
q
u
e
n
c
y
(ra
d
/s
e
c
)
Phase (deg)
C
W
T
fi
lte
r
B
a
n
d
lim
ite
d
fi
lte
r
1
0
-3
1
0
-2
1
0
-1
1
0
0
1
0
1
1
0
2
1
0
3
1
0
4
1
0
5
-3
6
0
-1
8
0 0
1
8
0
3
6
0
-2
5
0
-2
0
0
-1
5
0
-1
0
0
-5
0 0
•
B
y
p
la
c
in
g
l
a
n
d
h
b
e
y
o
n
d
th
e
b
a
n
d
w
id
th
o
f
th
e
s
y
s
te
m
a
n
d
a
s
s
u
m
in
g
th
a
t
s
u
ffi
c
ie
n
t
p
re
c
is
io
n
c
a
n
b
e
u
s
e
d
to
re
s
o
lve
th
e
a
tte
n
u
a
te
d
s
ig
n
a
ls
fro
m
th
e
fo
rw
a
rd
tra
n
s
fo
rm
,
it
is
p
o
s
s
ib
le
to
a
c
c
u
ra
te
ly
re
c
o
n
s
tru
c
t
th
e
o
rig
in
a
l
s
ig
n
a
l
fro
m
ju
s
t
o
n
e
w
a
ve
le
t
s
c
a
le
u
s
in
g
o
n
ly
o
n
e
in
ve
rs
e
fi
lte
r.
•
T
h
e
m
a
x
im
u
m
in
-b
a
n
d
e
rro
r
o
c
c
u
rs
a
t
5
0
H
z
,
th
e
h
ig
h
fre
q
u
e
n
c
y
e
n
d
,
a
n
d
c
o
rre
s
p
o
n
d
s
to
0
.0
7
d
B
a
n
d
1
6 ◦.
•
T
h
e
re
q
u
ire
d
in
ve
rs
e
fi
lte
r
is
th
e
n
e
a
s
ily
fo
u
n
d
:
Magnitude (dB)
F
re
q
u
e
n
c
y
(ra
d
/s
e
c
)
Phase (deg)
Id
e
a
l
in
ve
rs
e
fi
lte
r
Im
p
le
m
e
n
te
d
fi
lte
r
1
0
-3
1
0
-2
1
0
-1
1
0
0
1
0
1
1
0
2
1
0
3
1
0
4
1
0
5
0
1
8
0
3
6
0
5
4
0 0
5
0
1
0
0
1
5
0
2
0
0
2
5
0
3
0
0
•
T
h
is
fi
lte
r
is
th
e
n
im
p
le
m
e
n
te
d
in
s
o
ftw
a
re
.
It
is
te
s
te
d
b
y
d
e
c
o
m
p
o
s
in
g
a
2
5
m
in
u
te
s
e
c
tio
n
o
f
E
E
G
d
a
ta
u
s
in
g
th
e
id
e
a
l
C
W
T
fi
lte
r
a
n
d
th
e
n
re
c
o
n
s
tru
c
tin
g
it
w
ith
th
e
in
ve
rs
e
fi
lte
r.
T
im
e
/
s
Magnitude / µV
In
p
u
t
s
ig
n
a
l
R
e
c
o
n
s
tru
c
te
d
s
ig
n
a
l
1
2
3
4
5
6
-5
0
-4
0
-3
0
-2
0
-1
0 0
1
0
2
0
3
0
4
0
5
0
•
A
n
R
M
S
e
rro
r
o
f
2
µ
V
is
fo
u
n
d
.
•
T
h
is
is
in
-lin
e
w
ith
th
e
n
o
is
e
fl
o
o
r
o
f
va
rio
u
s
a
m
b
u
la
to
ry
E
E
G
re
c
o
rd
e
rs
,
a
lth
o
u
g
h
s
till
a
b
o
ve
th
e
re
c
o
m
m
e
n
d
e
d
n
o
is
e
fl
o
o
r
o
f
0
.5
µ
V
.
F
u
rth
e
r
im
p
le
m
e
n
ta
tio
n
w
o
rk
s
h
o
u
ld
im
p
ro
ve
th
is
.
5
L
IM
IT
A
T
IO
N
S
•
T
o
o
p
e
ra
te
th
e
p
ro
c
e
d
u
re
re
q
u
ire
s
a
h
ig
h
d
y
n
a
m
ic
ra
n
g
e
s
o
th
a
t
s
ig
n
a
ls
a
tte
n
u
a
te
d
in
th
e
fo
rw
a
rd
tra
n
s
fo
rm
a
re
n
o
t
lo
s
t
in
th
e
n
o
is
e
fl
o
o
r.
•
A
ls
o
,
in
ve
rs
e
fi
lte
rs
a
re
in
h
e
re
n
tly
s
e
n
s
itiv
ity
to
n
o
is
e
a
s
h
ig
h
fre
q
u
e
n
c
ie
s
a
re
a
m
p
lifi
e
d
.
In
th
e
a
b
o
ve
s
im
u
la
tio
n
n
o
n
o
is
e
is
in
tro
d
u
c
e
d
a
fte
r
th
e
fo
rw
a
rd
tra
n
s
fo
rm
.
•
A
d
a
p
tive
fi
lte
rin
g
,
o
r
th
e
in
tro
d
u
c
tio
n
o
f
fu
rth
e
r
h
ig
h
fre
q
u
e
n
c
y
p
o
le
s
to
lim
it
th
e
g
a
in
,
m
a
y
h
e
lp
o
ve
rc
o
m
e
th
is
.
•
C
a
re
m
u
s
t
a
ls
o
b
e
ta
k
e
n
w
h
e
n
re
c
o
n
s
tru
c
tin
g
a
s
ig
n
a
l
w
ith
a
d
.c
.
c
o
m
p
o
n
e
n
t
a
s
th
is
w
ill
b
e
lo
s
t
b
y
th
e
fo
rw
a
rd
tra
n
s
fo
rm
b
a
n
d
p
a
s
s
fi
lte
r.
6
C
O
N
C
L
U
S
IO
N
•
A
m
e
th
o
d
fo
r
im
p
le
m
e
n
tin
g
th
e
in
ve
rs
e
C
W
T
a
s
a
n
o
tc
h
fi
lte
r
to
c
o
m
p
le
m
e
n
t
a
fo
rw
a
rd
tra
n
s
fo
rm
fi
lte
r
h
a
s
b
e
e
n
p
re
s
e
n
te
d
.
•
T
h
e
p
ro
c
e
d
u
re
h
a
s
b
e
e
n
ve
rifi
e
d
b
a
s
e
d
u
p
o
n
th
e
d
e
c
o
m
p
o
s
itio
n
a
n
d
re
c
o
n
s
tru
c
tio
n
o
f
E
E
G
s
ig
n
a
ls
fo
r
w
h
ic
h
re
a
s
o
n
a
b
le
re
c
o
n
s
tru
c
tio
n
p
e
rfo
rm
a
n
c
e
w
a
s
fo
u
n
d
.
[1
]
A
.
J.
C
a
s
s
o
n
,
D
.
C
.
Y
a
te
s
,
S
.
P
a
te
l,
a
n
d
E
.
R
o
d
rig
u
e
z
-V
ille
g
a
s
,
“A
n
a
n
a
lo
g
u
e
b
a
n
d
p
a
s
s
fi
lte
r
re
a
lis
a
tio
n
o
f
th
e
c
o
n
tin
u
o
u
s
w
a
ve
le
t
tra
n
s
fo
rm
,“
in
IE
E
E
E
M
B
C
,
L
y
o
n
,
A
u
g
u
s
t
2
0
0
7
.
